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A wind-tunnel investigation has been made of the aerodynamic charac- 
teristics of a North American X-15 model and of a Boeing B-52 model under 
conditions simulating launching of the X-15 from the B-52. Buffeting 
data also were obtained on the right-hand horizontal-tail panel of the 
B-52 model behind the X-15 model installation. The data are presented 
without analysis; however, the reader is directed to NASA Memoran- 
dum 6-6-59L which offers a brief analysis of the X-15 launch problem. 


INTRODUCTION 


uuuicm. . 


Past aerial launchings of research airplanes have been made from 
the center -lincioe at ion of the carrier airplane. In the case of the 
B-52 combination, however, the carry location chosen is beneath 
the lo -percent semispan of the right wing. The choice of such an asym- 
metrical location raises questions as to the carry loads and launching 
safety of the combination. 

A wind-tunnel investigation was therefore undertaken in the Langley 
high-speed 7- by 10-foot wind tunnel to determine the carry loads the 
mutual interference effects, and a qualitative measure of the B-52 
horizontal -tail panel buffeting due to the installation of the X-15. 

The purpose of the present paper is to present, without analysis 
the results of these wind-tunnel tests with some notes on the reduction 
of the data. A brief analysis of the X-15 launch problem based on these 
data is given in reference 1. The data of the present paper were used 
in reference 1 to determine static stability derivatives and to estimate 
damping derivatives in calculating the X-15 drop motion at the design 
conditions of altitude and Mach number. 


*Title, Unclassified. 



COEFFICIENTS AND SYMBOLS 


The longitudinal data represented herein are about the stability 
axis and the lateral data are about the body axis. The positive sense 
of the coefficients and angles used in the paper are given in figure 1 
(on the left for the X-15 and on the right for the B-52). The force and 
moment coefficients are based on the dimensions of the model for vhich 
the data are given. 


cl 

°D 


C D 


-m 


■'n 


'B 


<1 

P 

^w 


lift coefficient, 
drag coefficient. 


Lift 

qS 

Drag 

qS 


approximate drag coefficient, A PP roxi ^ te 


pitching-moment coefficient about c/5 on X-15 or about c/4 
Pitching moment 
qSC 


on B-52, 


rolling -moment coefficient about balance axial center line. 

Rolling moment 
qSb 

yawing-moment coefficient about c/5 on X-15 or c/4 on 
Yawing moment 
qSb 

Side force 


B-52, 

side-force coefficient. 


qS 


B-52 horizontal-tail root bending-moment coefficient (posi- 
tive root moment caused by upload at tip). 

Root bending moment 
„ St bt 
q 2 2 

free-stream dynamic pressure, ^pV^, lb/sq ft 

free-stream density, slugs/cu ft 
mean aerodynamic chord of wing, ft 
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c h mean aerodynamic chord of wing, ft 


r 

V 

c 

C 

b 

b t 

R 

S 

St 

a 

Aa 

a* 

P 

Ap 


radius, in. 

free-stream velocity, ft/sec 
chord, ft 

mean aerodynamic chord, ft 

wing span, ft 

horizontal-tail span, ft 

Reynolds number 

wing area, sq. ft 

horizontal -tail area, sq ft 

B-52 angle of attack, deg 

X-15 incidence relative to B-52, deg 

X-15 angle of attack, deg 

angle of sideslip, deg 

= ^X-15 " P B-52 


0 angle of bank, deg 

i-(- B-52 horizontal-tail incidence, deg 

& r X-15 vertical-tail deflection, deg 

5 e X-15 horizontal-tail deflection, deg 

X-15 speed-brake deflection, deg 
M free-stream Mach number 

X,Y,Z airplane body axes 

separation distance, measured normal to B-52 center line, in. 
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6 a differential horizontal-tail deflection, ^e,R " ^e,L> 

AM root-raean-square buffeting bending moment of right horizontal 

tail, in-lb upload at tip gives positive moment 

deflection of outboard B-52 flap, deg 

Subscripts : 

X-15 refers to X-15 model 

B-52 refers to B-52 model 

R right-hand tail panel 

L left-hand tail panel 

w wind axis 

MODEL AND APPARATUS 


The investigation was made in the Langley high-speed 7- by 10-foot 
wind tunnel. The models used were l/LO-scale representations of the 
B-52 and X-15 airplanes. Sketches of the models and modification details 
are presented in figure 2. Photographs of the various model installations 
are shown in figure 3- With the X-15 in the captive condition (pylon 
mounted), data were taken from two six-component strain-gage balances, 
one in each model. In addition, buffeting data were recorded from a 
strain gage mounted on the root of the right-hand horizontal-tail panel 
of the B-52 model. It should be pointed out that no attempt was made 
to scale this panel structurally; however, an instantaneous reading 
pressure gage recording the pressure difference between the upper and 
lower surfaces was installed in the panel directly back of the X-15 model 
to assess the power content of the X-15 wake over the frequency range of 
interest. 

During the tests to determine the aerodynamic characteristics of the 
X-15 (X-15 sting mounted) while traversing the flow field of the B-52, 
no aerodynamic and buffeting measurements were made on the B-52 model . 

Further data were obtained on each model individually through the 
Mach number range. 





TESTS AND CORRECTIONS 


The tests were made over a Mach number range from 0.40 to O.85. 

The range of test Reynolds number for each model is presented in fig- 
ure 1^. The primary variables of the investigation included the angles 
of attack and sideslip of both models individually and in combination, 
and the angles of attack, sideslip, and bank of the X-15 in the presence 
of the B-52 at several separation distances. Tests to determine control 
effectiveness of the X-15 in the captive position were made to permit 
estimates of carry loads due to control deflection. Data also were 
obtained on both models separately in the tunnel. Additional data were 
obtained on the clean B-52 model with No. 60 carborundum grains applied 
at the position of estimated full-scale boundary-layer transition. This 
estimation was made by using the method of reference 2. 


Carry Tests 

This series of tests was conducted with the X-15 model mounted on 
a 6 -component strain-gage balance suspended beneath the pylon under the 
B-52 wing. The attitude of the X-15 with respect to the B-52 reference 
line was measured (wind -off) as a Q = 2.25°, p = 0°, and 0=0°. The 

jet-boundary corrections applied to these data (ref. 3) are those induced 
by the B-52 model. When corrections for the effects of tunnel blockage 
(ref. 4) were applied to the data, the drag of both models was considered. 

The drag of the B-52 model was corrected to the condition of free- 
stream static pressure at the model base. No base-pressure correction 
was applied to the X-15 data. Corrections to the model angle of attack 
due to support deflections have been applied to the data for both models. 


Separation Tests 

During this series of tests the X-15 model was sting-mounted in 
the presence of the B-52. (See fig. 3(e).) As mentioned previously, no 
B-52 data were taken under these conditions. The blockage corrections 
for these tests were the same as the corrections applied to the data for 
the X-15 when pylon mounted. No jet-boundary corrections have been 
applied to these data. Also the base-pressure correction has not been 
applied to the X-15 data. Deviations of the X-15 angle of attack due to 
support deflection have been accounted for but corrections to the verti- 
cal displacement due to support flexibility are unknown and are therefore 
not applied. In this connection it should be pointed out that a fouling 
circuit was installed between the mating surfaces of the pylon and the 
X-15 fuselage to indicate when the X-15 model touched the pylon. No data 
were taken under such conditions. 


Tests of the X-15 and B-52 Separately 


These tests concerned each model tested individually in the tunnel. 
In the case of the B-52 model, the support-deflection, blockage, jet- 
boundary and base-pressure corrections have been applied in the normal 
manner. The data taken on the X-15 model did not require correction for 
jet -boundary or blockage effects because of the relatively small size of 
the model. The data have been corrected for the effects of support 
deflection and the model drag has been corrected for the difference 
between actual test base pressure and free-stream static pressure. 


Reduction of the B-52 Tail-Panel Buffeting Data 

The instantaneous output of both the root bending-moment gage and 
the pressure pickup were fed through appropriate instrumentation and 
recorded on tape. The harmonic content of these taped signals were sub- 
sequently analyzed over a frequency range from about kO cycles per sec- 
ond to 750 cycles per second. A typical record so obtained is illus- 
trated in the following sketch: 




Frequency, cps 


As will be noted, the oscillatory pressure input remains relatively con- 
stant throughout the frequency range of interest and therefore it is felt 
that no oscillating pressure inputs are being damped by the tail structure. 
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It is reasonable then to plot the root-mean-square values of the bending- 
moment gage against angle of attack as an indication of buffeting. 
Although these measurements are not intended to be quantitative, they 
should give an indication of the onset of the buffeting -which from the 
engineering viewpoint is adequate. Figure 5 of reference 1 indicates 
remarkable agreement between these data and the flight buffeting boundary 
of the B-52 airplane. 


PRESENTATION OF RESULTS 


The results of the wind-tunnel investigation on the aerody nami c 
characteristics of an X-15 model and of a B-52 model under conditions 
simulating launching of the X-15 from the B-52 are presented in the fol- 
lowing figures: 


Figures 

Clean B-52 5 to 7 

Breakdown runs; addition of slot, pylon, and X-15 8 to 19 

Root-mean-square buffet data 20 to 25 

X-15 model alone 26 to 27 

X-15 pylon mounted in B-52 flow field 28 to 52 

X-15 sting mounted in B-52 flow field 33 to 40 

Effect of wing-fix and slot modifications of B-52 on 

X-15 characteristics 4 1 to 43 


The configuration constants for each figure are given in table I. 


Langley Research Center, 

National Aeronautics and Space Administration, 
Langley Field, Va., August 20, 1959. 
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Figure 2.- Concluded. 
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(c) Front view of X-15 detail. L-57-4517 

Figure 3 .- Continued. 




Figure 3 *- Continued. 




(e) Three-quarter rear view of sting-mount detail. L-57-4684 
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Mach number ,M 


Figure 4 .- Variation of Reynolds number with Mach number for B-52 

and X -15 models. 
























Figure 6.- Concluded 









Figure 8.- Aerodynamic characteristics of the B-52 with small wing slot A 

Pylon off; X-15 off; 6 f =0°; p =0°. 
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(a) i t = 3°. 


Figure 9.- Aerodynamic characteristics of the B-52 airplane model. Wing 
slot A; X-15 pylon mounted; effect of B-52 stabilizer deflection; 

3 = 0°; &„ = 5„ = = o° 










Cl a, deg 


(a) 0 = 4°. 

Figure 10.- Aerodynamic characteristics of the B-52 airplane model with 
the X-15 pylon mounted. Wing slot A: effect of sideslip; 

6 . = &~ = 6 - = 0 °. 















Figure 12.- Aerodynamic characteristics of the B-52 airplane model with 
the X-15 pylon mounted. Wing slot A: effect of X-15 roll control; 

_ O _ X 7 7 









(a) S r = 7 . 5 °. 

Figure 13.- Aerodynamic characteristics of the B-52 airplane model with 
the X-15 pylon mounted. Effect of X-15 vertical-tail deflection; 






Figure l4.- Aerodynamic characteristics of the B-52 airplane model. 
X-15 pylon mounted: X-15 speed brakes deflected 35° J & a = 5 e = & r = 







Figure 1 6.- Aerodynamic characteristics of the B-52 airplane model. X- 
pylon mounted; buffet fairing in place; S a = 6 r = S = 0°; i t = 3°; 
R=o° ' ' ' ' 




(a) p = 0°. 


Figure 17. - Aerodynamic characteristics of the B-52 airplane model with 
X-15 off and wing slot and pylon in place. Effect of sideslip; i + = 
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(b) 3 =4°. 


Figure 17.- Continued 






Figure 17.- Concluded 




Fig-ore 18.- Aerodynamic characteristics of the B-52 airplane model with 
the X-15 off and slot and pylon in place. Effect of outboard flap 
deflection; 5 f = 30°; M = 0.40. 
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Figure 19. - Aerodynamic characteristics of the B-52 airplane model with 
X-15 off and slot and pylon in place. Buffet fairing on; p = 0°; 
i t - 5°. 
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(a) M = 0.40. 


Figure 21.- Effect of the basic additions on horizontal -tail panel buffet 




(b) M = 0.60. 


Figure 21.- Continued. 
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(f) M = 0.83. 


Figure 21.- Continued. 
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(a) M = 0.40. 

Figure 22.- Effect of the combination in sideslip on horizontal -tail panel 

buffet . 


























(e) M = 0.80. 


Figure 22.- Continued. 













(a) M = 0.60. 

Figure 23-- Effect of X-15 speed-brake deflection on horizontal-tail 

panel buffet. 
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(b) M = 0.75. 
Figure 2j5.- Continued. 
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(a) M = 0.60. 

Figure 2k. - Effect of buffet-fairing installation on horizontal-tail 

panel buffet. 







Figure 2h . - Continued 
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Figure 26 .- Continued 









































(a) p = 4°. 

Figure 29-- Aerodynamic characteristics of the X-15 airplane model in 
the presence of the B-52 model. Pylon-mounted effect of sideslip of 
the combination: i+ = 3°; 6 = & = 6 =0°. 
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(b) p = 4°. 

Figure 29.- Concluded. 




Figure 30.- Aerodynamic characteristics of the X-15 airplane model pylon 
mounted. Effect of speed-brake deflection. 

























(a.) 3 = -4°. 

Figure 34.- Aerodynamic characteristics of the X-15 model in the presence 
of the B-52 model. X-15 sting mounted; Ax = 1°40'; A3 = 0°; $ = 0°; 
z = 0 inch; effect of sideslipping the combination. 























(a) z = 1 inch. 


Figure 38.- Aerodynamic characteristics of the X -15 model in the presence 
of the B-52 model. Ao, = 1°30': AB = -2°19' ; $ = 0°. 











C L a', deg 

(a) z = 1 inch. 


Figure 39*- Aerodynamic characteristics of the X-15 model in the presence 
of the B-52 model. Sting mounted; effect of X-15 hank angle; 

Aa = 1°30 1 ; Ap = (P; « =9°50 t ; 8 = & a = = 0°. 









(a) z = 1 inch. 

Figure 40.- Aerodynamic characteristics of the X-15 model in the presence 
of the B -52 model. Sting mounted; effect of X-15 hank angle; 

Ao. = 1°30'; Ap = 0°; <D = -9°50' . 6 =6 =6 =0°. 







(a) Large B-52 wing fix A-|_ in forward location. 

Figure 4l.- Aerodynamic characteristics of the X-15 model sting mounted 
in the presence of the B-52 model. Effect of wing fix; Ax = l o 50'; 
A0 = 0°; G> =0°; z = 0; small wing cutout. 
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C L a', deg 


(a) z = 0 inch; Ax = 1°4'. 

Figure 43-- Aerodynamic characteristics of the X-15 model in the presence 
of the B-52 model. Small B-52 wing fix in forward location; large 
cutout in B-52 wing; (3' =0°; $ = 0°; S e = 6 a = 6 r =0°. 
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(b) z = 1 inch; ha = 2°10'. 
Figure 43.- Continued. 




